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METHOD AND APPARATUS FOR 
ORTHOGONAL FREQUENCY DIVISION 
MULTIPLEXING COMMUNICATION 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application claims priority from Korean Patent Appli 
cation No. 10-2006-0111232, ?led on Nov. 10, 2006, in the 
Korean Intellectual Property Of?ce, the disclosure of Which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Methods and apparatuses consistent With the present 

invention relate to Wireless communication, and more par 
ticularly, to transmitting and receiving a digital signal using 
an orthogonal frequency division multiplexing (OFDM) 
communication system. 

2. Description of the Related Art 
Recently, active research has been carried out on cognitive 

radio technology and the use of frequency resources for e?i 
cient Wireless communication. FIGS. 1A and 1B are dia 
grams for describing cognitive radio technology. Referring to 
FIG. 1A, generally, frequency resources available for Wire 
less communication are allocated in a manner so as not to 

overlap With a variety of Wireless communication standards. 
Therefore, communication With a device, Which communi 
cates according to a certain standard, may not be possible if all 
the channels allocated to the corresponding standard are 
being used, although channels allocated to other communi 
cation standards are not being used. 

Cognitive radio technology searches available Wireless 
channels according to regions and time in order to use avail 
able channels. As illustrated in FIG. 1B, the available chan 
nels can be searched for and used regardless of time and 
frequency bands. 

FIGS. 2A through 2C are diagrams for describing OFDM 
communication. 

FIG. 2A is a block diagram of an OFDM transmitting 
apparatus. Referring to FIG. 2A, When a digital signal is 
input, a serial-to-parallel (S/P) converter 21 splits the digital 
signal into a plurality of signals so as to input the signals to an 
inverse fast Fourier transformation (IFFT) device 22. In FIG. 
2A, it is assumed that three-point IFFT is used. The IFFT 
device 22 performs IFFT on the input signals. When the IFFT 
is completed, digital signals corresponding to a plurality of 
subcarriers are generated. Since the IFFT and a FFT are Well 
knoWn and are disclosed in a variety of documents, detailed 
descriptions thereof Will be omitted. 
A parallel-to-serial (P/ S) converter 23 combines the digital 

signals output from the IFFT device 22 and then converts the 
signals into a serial signal. A digital-to-analog (D/A) con 
ver‘ter 24 converts a digital signal output from the P/ S con 
ver‘ter 23 into an analog signal. A mixer 25 performs fre 
quency up-conversion using carriers Which have radio 
frequencies (RFs). 

FIGS. 2B and 2C are frequency domain graphs illustrating 
signals output from and @ of the OFDM transmitting 
apparatus illustrated in FIG. 2A. As illustrated in FIG. 2B, the 
subcarriers at baseband generated by the IFFT are modulated 
into RF signals at a frequency band of the carriers by the 
mixer 25 of FIG. 2A and then the modulated signals are 
transmitted externally. 

In the above described OFDM system, although available 
frequency resources are searched for using cognitive radio 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
technology, the frequency resources cannot be enabled if an 
available frequency bandWidth is less than the bandWidth of 
subcarriers. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus for 
using frequency resources e?iciently by splitting subcarriers 
and transmitting the subcarriers, respectively, in an OFDM 
system. 
According to an aspect of the present invention, there is 

provided a method of transmitting a digital signal, the method 
including splitting the digital signal at baseband into a plu 
rality of signals according to available frequency bands; per 
forming inverse fast Fourier transformation (IFFT) on each of 
the split signals to generate subcarriers; and transmitting the 
subcarriers through the available frequency bands. 
The method of transmitting a digital signal may further 

include searching for the available frequency bands using 
cognitive radio technology. 
The signals split according to the available frequency 

bands may include a plurality of subcarrier groups, and each 
of the subcarrier groups may include at least one subcarrier. In 
this case, the IFFT is performed on each of the subcarrier 
groups. Further, the transmitting may include loW-pass-?lter 
ing each of the subcarrier groups corresponding to the split 
signals; modulating each of the loW-pass-?ltered subcarrier 
groups independently using different RF signals; and trans 
mitting the modulated subcarrier groups. 

The loW-pass-?ltering may be performed variably accord 
ing to a bandWidth of each the subcarrier groups. 
The RF signals Which have different frequencies from each 

other may be generated by a signal output from a phase 
locked loop (PLL) circuit using at least one of a frequency 
divider and a frequency multiplier. 

According to another aspect of the present invention, there 
is provided a computer readable recording medium having 
recorded thereon a computer program for executing the 
method of transmitting a digital signal. 

According to another aspect of the present invention, there 
is provided an apparatus for transmitting a digital signal, the 
apparatus including a splitter Which splits the digital signal at 
baseband into a plurality of signals according to available 
frequency bands; a plurality of IFFT units Which performs 
IFFT on each of the split signals to generate subcarriers; and 
a transmitter Which transmits the subcarriers generated 
through the available frequency bands. 

According to another aspect of the present invention, there 
is provided a method of receiving a digital signal, the method 
including receiving subcarrier groups modulated using RF 
signals Which have different frequencies from each other; 
demodulating each of the subcarrier groups so that all sub 
carriers of each of the subcarrier groups are arranged adjacent 
to each other in a predetermined order at baseband; perform 
ing fast Fourier transformation (FFT) on each of the demodu 
lated subcarrier groups independently; and combining the 
subcarrier groups on Which the FFT is performed. 
The demodulating may include frequency doWn-conver‘t 

ing each of the subcarrier groups independently using the RF 
signals Which have different frequencies from each other; and 
loW-pass-?ltering each of the frequency doWn-conver‘ted sub 
carrier groups variably according to a bandWidths of each of 
the subcarrier groups. 

According to another aspect of the present invention, there 
is provided a computer readable recording medium having 
recorded thereon a computer program for executing the 
method of receiving a digital signal. 
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According to another aspect of the present invention, there 
is provided an apparatus for receiving a digital signal, the 
apparatus including an RF receiver Which receives subcarrier 
groups modulated using RF signals Which have different fre 
quencies from each other; a demodulator Which demodulates 
each of the subcarrier groups so that all subcarriers of each of 
the subcarrier groups are arranged adjacent to each other in a 
predetermined order at baseband; a plurality of PET units 
Which performs FFT on each of the demodulated subcarrier 
groups independently; and a combiner Which combines the 
subcarrier groups on Which the FFT is performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects of the present invention Will 
become more apparent by describing in detail exemplary 
embodiments thereof With reference to the attached draWings, 
in Which: 

FIGS. 1A and 1B are diagrams for describing cognitive 
radio; 

FIGS. 2A through 2C are diagrams for describing orthogo 
nal frequency division multiplexing (OFDM) communica 
tion; 

FIGS. 3A and 3B illustrate an OFDM communication sys 
tem according to an exemplary embodiment of the present 
invention; 

FIG. 4 is a How chart of a method of transmitting digital 
signals according to an exemplary embodiment of the present 
invention; 

FIG. 5 is a How chart of a method of receiving digital 
signals according to an exemplary embodiment of the present 
invention; 

FIG. 6 is a block diagram illustrating a con?guration of a 
digital signal transmitting apparatus according to an exem 
plary embodiment of the present invention; 

FIG. 7 is a block diagram illustrating a con?guration of a 
digital signal receiving apparatus according to an exemplary 
embodiment of the present invention; and 

FIG. 8 is a diagram of a method of transmitting and receiv 
ing digital signals according to an exemplary embodiment of 
the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, the present invention Will be described in 
detail by explaining exemplary embodiments of the invention 
With reference to the attached draWings. 

FIGS. 3A and 3B illustrate an OFDM communication sys 
tem according to an exemplary embodiment of the present 
invention. 

FIG. 3A is a block diagram illustrating a con?guration of a 
digital signal transmitting apparatus according to an exem 
plary embodiment of the present invention. Referring to FIG. 
3A, a subcarrier splitter splits a digital signal into a plurality 
of subcarrier groups. A bandWidth of each of the subcarrier 
groups is determined by controlling the number of subcarriers 
according to available frequency resources, i.e., bandWidths. 
An inverse fast Fourier transformation (IFFT) is performed 

With respect to the signals split by the subcarrier splitter and 
then the signals are converted into analog signals by digital 
to-analog converters (DACs). The analog signals are loW 
pass-?ltered and then are respectively modulated to RF sig 
nals by using different carrier frequencies, according to 
currently available frequency bands. The currently available 
frequency bands may be searched for by cognitive radio tech 
nology. 
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4 
FIG. 3B is a block diagram illustrating a con?guration of a 

digital signal receiving apparatus according to an exemplary 
embodiment of the present invention. Operation of the digital 
signal receiving apparatus is the inverse of the operation of 
the digital signal transmitting apparatus of FIG. 3A. 

That is, When subcarrier groups transmitted through Wire 
less channels are received, the subcarrier groups are respec 
tively demodulated into signals adjacent to each other at 
baseband using carriers Which have different frequencies and 
then are loW-pass-?ltered. The ?ltered signals are converted 
into digital signals by analog-to-digital converters (ADCs). 
An FFT is performed With respect to the digital signals. 

The signals on Which FFT is performed are combined by a 
subcarrier combiner and then are restored to the original 
signals. 

FIG. 4 is a How chart of a method of transmitting digital 
signals according to an exemplary embodiment of the present 
invention. 

In operation 405, bandWidths of available Wireless chan 
nels are searched for using cognitive radio technology. 

In operation 410, a digital signal at baseband is split into a 
plurality of signals. Each of the split signals forms an inde 
pendent subcarrier group. BandWidths of subcarrier groups 
are determined by the bandWidths of the Wireless channels 
searched for in operation 405. In other Words, the reason Why 
the digital signal at baseband is split in operation 410 is 
because the bandWidths of the subcarrier groups have to be 
controlled appropriately in order to ?t the bandWidths of the 
searched for Wireless channels. 

In operation 420, an IFFT is performed on each of the split 
signals. 

In operation 430, the signals on Which the IFFT is per 
formed are converted into analog signals. 

In operation 440, the subcarrier groups are respectively 
loW-pass-?ltered. That is, one loW-pass ?lter is used With 
respect to one subcarrier group. Since the bandWidths of the 
subcarrier groups can change constantly over time, the loW 
pass ?lters used in operation 440 have to be able to modify 
?ltering sections according to the bandWidths of the input 
subcarrier groups. 

In operation 450, the subcarrier groups are respectively 
frequency up-converted using RF signals Which have differ 
ent frequencies from each other. Here, the frequencies of the 
RF signals are determined by the frequencies of the Wireless 
channels searched for in operation 405. The RF signals may 
be generated from one signal source in order to maintain 
orthogonality betWeen the subcarriers. A plurality of phase 
locked loops (PLLs) can be generated using a crystal oscilla 
tor, hoWever, PLL hardWare cannot be implemented easily 
and frequency errors can be generated due to the nonlinear 
PLLs. Preferably, but not necessarily, the required RF signals 
may be generated by a signal output from one PLL using a 
frequency divider or a frequency multiplier. 

In operation 460, the frequency up-converted RF signals 
are transmitted. 

FIG. 5 is a How chart of a method of receiving digital 
signals according to an exemplary embodiment of the present 
invention. 

In operation 510, signals corresponding to subcarrier 
groups are received. 

In operation 520, the subcarrier groups are respectively 
frequency doWn-converted so that all subcarriers of the sub 
carrier groups are arranged adjacent to each other at base 
band. Here, different RF signals are used With respect to each 
of the subcarrier groups. Preferably, but not necessarily, the 
required RF signals may be generated by a signal output from 
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one PLL using a frequency divider or a frequency multiplier 
as in the previous exemplary embodiment of the present 
invention. 

In operation 530, the frequency doWn-converted signals 
are respectively loW-pass-?ltered. Accordingly, the same 
number of loW-pass ?lters is used as the number of subcarrier 
groups. Since bandWidths of the subcarrier groups can change 
constantly over time, the loW-pass ?lters have to be able to 
modify ?ltering sections according to the bandWidths of the 
input subcarrier groups. 

In operation 540, the loW-pass-?ltered signals are con 
verted into digital signals. 

In operation 550, an FFT is performed on each of the digital 
signals corresponding to the subcarrier groups. 

In operation 560, the signals on Which the FFT is per 
formed are combined together and then are restored to the 
original signal. 

FIG. 6 is a block diagram illustrating a con?guration of a 
digital signal transmitting apparatus 600 according to an 
exemplary embodiment of the present invention. 

Referring to FIG. 6, the digital signal transmitting appara 
tus 600 includes a splitter 610, a cognitive radio unit 620, 
IFFT units 630, a transmitter 640, a PLL circuit 650, a fre 
quency divider 660, and a frequency multiplier 670. 

The cognitive radio unit 620 searches for available Wireless 
channels using cognitive radio technology. 

The splitter 610 splits a digital signal at baseband into a 
plurality of signals With reference to the result of the search by 
the cognitive radio unit 620. Each of the split signals forms a 
subcarrier group. The transmitter 640 distributes a plurality of 
subcarrier groups among the available Wireless channels and 
transmits the subcarrier groups. The transmitter 640 includes 
loW-pass ?lters 641, mixers 643 and RF transmitters 642. 

The loW-pass ?lters 641 loW-pass-?lter signals output from 
the IFFT units 630. The signals output from the IFFT units 
630 are digital signals, and the signals are converted into 
analog signals and then are processed. HoWever, a description 
of digital-to-analog conversion Will be omitted for the sake of 
brevity. Hereinafter, a description of digital-to-analog con 
version or analog-to-digital conversion Will also be omitted. 
Since bandWidths of the subcarrier groups can change con 
stantly over time, the loW-pass ?lters 641 may modify ?lter 
ing sections according to the bandWidths of the input subcar 
rier groups. 

The mixers 643 modulate the loW-pass-?ltered signals to 
RF signals, respectively. The RF transmitters 642 transmit the 
RF signals externally. The mixers 643 frequency up-convert 
each of the subcarrier groups in order to transmit them 
through the available Wireless channels. Accordingly, the RF 
signals have different frequencies from each other. The RF 
signals are generated by a signal output from one PLL circuit 
650 using the frequency divider 660 and/or the frequency 
multiplier 670. In FIG. 6, both the frequency divider 660 and 
the frequency multiplier 670 are illustrated. HoWever, only 
one of the frequency divider 660 and the frequency multiplier 
670 can be used depending on circumstances. 

FIG. 7 is a block diagram illustrating a con?guration of a 
digital signal receiving apparatus 700 according to an exem 
plary embodiment of the present invention. 

Referring to FIG. 7, the digital signal receiving apparatus 
700 includes a cognitive radio unit 705, an RF receiver 710, a 
demodulator 720, PET units 740, a PLL circuit 750, a fre 
quency divider 760, a frequency multiplier 770, and a com 
biner 780. 

The cognitive radio unit 705 searches for frequency band 
Widths in Which data to be received is transmitted. The RF 
receiver 710 receives subcarrier groups through Wireless 
channels and the demodulator 720 demodulates the received 
subcarrier groups, respectively, so that the subcarrier groups 
are arranged adjacent to each other at baseband. The demodu 
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6 
late 720 includes mixers 721 and loW-pass ?lters 722. The 
mixers 721 frequency doWn-convert the signals received by 
the RF receiver 710, respectively, and the loW-pass ?lters 722 
loW-pass-?lter the frequency doWn-converted signals, 
respectively. Since bandWidths of the subcarrier groups can 
change constantly over time, the loW-pass ?lters 722 may 
modify ?ltering sections according to the bandWidths of the 
input subcarrier groups. 
The RF signals used for frequency doWn-conversion of the 

subcarrier groups have different frequencies from each other. 
The RF signals are generated by a signal output from one PLL 
circuit 750 using the frequency divider 760 and/or the fre 
quency multiplier 770. 
The EFT units 740 perform a PET With respect to each of 

the signals output from the loW-pass ?lters 722, i.e., the 
subcarrier groups. 
The combiner 780 combines the signals output from the 

EFT units 740 and then outputs signals corresponding to the 
subcarrier groups arranged adjacent to each other at base 
band. 

FIG. 8 is a diagram of a method of transmitting and receiv 
ing digital signals according to an exemplary embodiment of 
the present invention. 

Although not shoWn in FIG. 8, a digital signal at baseband 
is separated into 10 signals, i.e., l0 subcarriers, by a serial 
to-parallel converter. Then, the subcarriers are split into 3 
subcarrier groups by a splitter. For convenience of descrip 
tion, the subcarriers are denoted as ?rst through tenth subcar 
riers in numerical order. A ?rst subcarrier group includes the 
?rst through third subcarriers, a second subcarrier group 
includes the fourth through seventh subcarriers, and a third 
subcarrier group includes the eighth through tenth subcarri 
ers. Since three subcarrier groups are generated according to 
the current exemplary embodiment, three IFFT units and 
three mixers Will be used in a transmitting portion, and three 
mixers and three EFT units Will be used in a receiving portion. 
In the current exemplary embodiment, 4-point IFFT is 
assumed. 
The three subcarrier groups are frequency up -converted by 

carriers Which have frequencies of fa, f b and fc, respectively, 
and then are transmitted. Here, fa, f b and fc are searched for by 
cognitive radio technology in order to transmit the subcarrier 
groups through available frequency bands. 

In the receiving portion, the three subcarrier groups are 
received and then are respectively frequency doWn-con 
verted. Here, RF signals of fl, f2 and f3 are used With respect 
to the subcarrier groups. f 1, f2 and f3 are set so as to arrange the 
subcarriers of the three subcarrier groups after frequency 
doWn-conversion adjacent to each other at baseband in the 
same order as the subcarriers are arranged before the fre 
quency doWn-conversion. For example, in order to arrange 
the subcarriers in the ?rst subcarrier group having the fre 
quency f 1 in the same order as the original signal, the subcar 
riers have to be frequency doWn-converted for 3Af more than 
fa (fl:fa+3Af). Here, Af is sub-channel spacing, that is, a 
bandWidth of one subcarrier. 

Likewise, f2 is the same as fl, (fZIfb), and f3 is calculated by 
subtracting 4Af from fc (f3:fc—4Af). As described above, the 
frequency doWn-converted signals are converted into fre 
quency domain signals in the EFT units and then are com 
bined by a combiner so as to be restored to the original signal. 

Exemplary embodiments of the present invention can be 
Written as computer programs and can be implemented in 
general-use digital computers that execute the programs 
using non-transitory a computer readable recording medium. 
Examples of the computer readable recording medium 
include magnetic storage media (e.g., ROM, ?oppy disks, 
hard disks, etc.), optical recording media (e. g., CD-ROMs, or 
DVDs), and other storage media. 
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According to an exemplary embodiment of the present 
invention, data may be transmitted and received by splitting 
the data among desired bandwidths using orthogonality 
betWeen subcarriers in an OFDM system. Therefore, Wireless 
resources may be used e?iciently by combining With cogni 
tive radio technology. 

While the present invention has been particularly shoWn 
and described With reference to exemplary embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention as 
de?ned by the appended claims. The exemplary embodi 
ments should be considered in descriptive sense only and not 
for purposes of limitation. Therefore, the scope of the inven 
tion is de?ned not by the detailed description of the invention 
but by the appended claims, and all differences Within the 
scope Will be construed as being included in the present 
invention. 
What is claimed is: 
1. A method for a Wireless communication system to trans 

mit a digital signal, the method comprising: 
determining a number of subcarriers, to be assigned to each 

of a plurality of subcarrier groups, based on a bandWidth 
of each of available frequency bands, Wherein each of 
the subcarrier groups comprises at least one subcarrier, 
and at least tWo subcarrier groups among the plurality of 
subcarrier groups have different numbers of subcarriers 
and different frequency bandWidths; 

splitting the digital signal at baseband into a plurality of 
signals, according to the determining; 

performing inverse fast Fourier transformation (IFFT) on 
each of the plurality of signals to generate the plurality of 
subcarrier groups; and 

transmitting each of the subcarrier groups through each of 
the available frequency bands, respectively, 

Wherein the transmitting comprises: 
loW-pass-?ltering each of the subcarrier groups; 
modulating each of the loW-pass-?ltered subcarrier 

groups independently using different radio frequency 
(RF) signals; and 

transmitting the modulated subcarrier groups, and 
Wherein the different RF signals have different frequencies 

from one another, and are generated by at least one of a 
frequency divider and a frequency multiplier using a 
signal output from a phase-locked loop (PLL) circuit. 

2. The method of claim 1, the method further comprising 
searching for the available frequency bands using cognitive 
radio technology. 

3. The method of claim 1, Wherein the modulating each of 
the loW-pass-?ltered subcarrier groups comprises frequency 
up-converting each of the loW-pass-?ltered subcarrier groups 
using the different RF signals. 

4. The method of claim 1, Wherein the loW-pass-?ltering is 
performed according to a bandWidth of each of the subcarrier 
groups. 

5. The method of claim 1, Wherein at least tWo of the 
plurality of subcarrier groups are transmitted through tWo 
non-adjacent frequency bands of the available frequency 
bands. 

6. A non-transitory computer readable tangible storage 
medium having recorded thereon a computer program for 
executing a method of transmitting a digital signal, the 
method comprising: 

determining a number of subcarriers, to be assigned to each 
of a plurality of subcarrier groups, based on a bandWidth 
of each of available frequency bands, Wherein each of 
the subcarrier groups comprises at least one subcarrier, 
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8 
and at least tWo subcarrier groups among the plurality of 
subcarrier groups have different numbers of subcarriers 
and different frequency bandWidths; 

splitting the digital signal at baseband into a plurality of 
signals, according to the determining; 

performing inverse fast Fourier transformation (IFFT) on 
each of the plurality of signals to generate the plurality of 
subcarrier groups; and 

transmitting each of the subcarrier groups through each of 
the available frequency bands, respectively, 

Wherein the transmitting comprises: 
loW-bass-?ltering each of the subcarrier groups; 
modulating each of the loW-pass-?ltered subcarrier 

groups independently using different radio frequency 
(RF) signals; and 

transmitting the modulated subcarrier groups, and 
Wherein the different RF signals have different frequencies 

from one another, and are generated by at least one of a 
frequency divider and a frequency multiplier using a 
signal output from a phase-locked loop (PLL) circuit. 

7. The non-transitory computer readable tangible storage 
medium of claim 6, Wherein at least tWo of the plurality of 
subcarrier groups are transmitted through tWo non-adjacent 
frequency bands of the available frequency bands. 

8. An apparatus for transmitting a digital signal, the appa 
ratus comprising: 

a splitter Which determines a number of subcarriers, to be 
assigned to each of a plurality of subcarrier groups, 
based on a bandWidth of each of available frequency 

bands, and, according to the determination, splits the 
digital signal at baseband into a plurality of signals, 
Wherein each of the subcarrier groups comprises at least 
one subcarrier, and at least tWo subcarrier groups among 
the plurality of subcarrier groups have different numbers 
of subcarriers and different frequency bandWidths; 

a plurality of inverse fast Fourier transformation (IFFT) 
units Which performs lFFT on each of the plurality of 
signals to generate the plurality of subcarrier groups; 
and 

a transmitter Which transmits each of the subcarrier groups 
through each of the available frequency bands, respec 
tively, 

Wherein the transmitter comprises: 
a plurality of loW-pass ?lters Which loW-pass-?lters each 

of the subcarrier groups; 
a plurality of mixers Which modulates each of the loW 

pass-?ltered subcarrier groups independently using 
different radio frequency (RF) signals; and 

a plurality of RF transmitters Which transmits the modu 
lated subcarrier groups, and 

Wherein the apparatus for transmitting the digital signal 
further comprises: 
a phase-locked loop (PLL) circuit Which generates an 
RF signal; and 

at least one of a frequency divider and a frequency mul 
tiplier Which generates the different RF signals Which 
have different frequencies from one another using the 
RF signal output from the PLL circuit, and 

Wherein the mixers modulate the subcarrier groups using 
the different RF signals Which have different frequen 
cies from one another. 

9. The apparatus for transmitting a digital signal of claim 8, 
the apparatus further comprising a cognitive unit Which 
searches for the available frequency bands using cognitive 
radio technology. 
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10. The apparatus for transmitting a digital signal of claim 
8, wherein the mixers are con?gured to frequency up -convert 
each of the loW-pass-?ltered subcarrier groups using the dif 
ferent RF signals. 

11. The apparatus for transmitting a digital signal of claim 
8, Wherein the loW-pass ?lters loW-pass-?lter each of the 
subcarrier groups according to a bandWidth of each of the 
subcarrier groups. 

12. The apparatus of claim 8, Wherein the transmitter trans 
mits at least tWo of the plurality of subcarrier groups through 
tWo non-adj acent frequency bands of the available frequency 
bands. 

13. A method for a Wireless communication system to 
receive a digital signal, the method comprising: 

receiving a plurality of subcarrier groups modulated using 
radio frequency (RF) signals Which have different fre 
quencies from one another; 

demodulating each of the subcarrier groups so that all 
subcarriers of the subcarrier groups are arranged adja 
cent to each other at baseband, Wherein each of the 
subcarrier groups has been transmitted through each of a 
plurality of frequency bands, respectively, and at least 
tWo frequency bands have different bandwidths; 

performing fast Fourier transformation (FFT) on each of 
the demodulated subcarrier groups independently; and 

combining the subcarrier groups on Which the FFT is per 

formed, 
Wherein the demodulating comprises: 

frequency doWn-converting each of the subcarrier 
groups independently using the RF signals Which 
have different frequencies from one another; and 

loW-pass-?ltering each of the frequency doWn-con 
verted subcarrier groups according to a bandWidth of 
each of the subcarrier groups, and 

Wherein the RF signals Which have different frequencies 
from one another are generated by at least one of a 
frequency divider and a frequency multiplier using a 
signal output from a phase-locked loop (PLL) circuit. 

14. The method of claim 13, Wherein a number of subcar 
riers to be assigned to each of the subcarrier groups is deter 
mined based on a bandWidth of each of the plurality of fre 
quency bands. 

15. The method of claim 14, Wherein at least tWo of the 
plurality of subcarrier groups have been transmitted through 
tWo non-adj acent frequency bands of the available frequency 
bands. 

16. A non-transitory computer readable tangible storage 
medium having recorded thereon a computer program for 
executing a method of receiving a digital signal, the method 
comprising: 

receiving a plurality of subcarrier groups modulated using 
radio frequency (RF) signals Which have different fre 
quencies from one another; 

demodulating each of the subcarrier groups so that all 
subcarriers of each of the subcarrier groups are arranged 
adjacent to each other at baseband, Wherein each of the 
subcarrier groups has been transmitted through each of a 
plurality of frequency bands, respectively, and at least 
tWo frequency bands have different bandWidths; 

performing fast Fourier transformation (FFT) on each of 
the demodulated subcarrier groups independently; and 

combining the subcarrier groups on Which the FFT is per 
formed, 
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Wherein the demodulating comprises: 

frequency doWn-converting each of the subcarrier 
groups independently using the RF signals Which 
have different frequencies from one another; and 

loW-pass-?ltering each of the frequency doWn-con 
verted subcarrier groups according to a bandWidth of 
each of the subcarrier groups, and 

Wherein the RF signals Which have different frequencies 
from one another are generated by at least one of a 
frequency divider and a frequency multiplier using a 
signal output from a phase-locked loop (PLL) circuit. 

17. The non-transitory computer readable tangible storage 
medium of claim 16, Wherein a number of subcarriers to be 
assigned to each of the subcarrier groups is determined based 
on a bandWidth of each of the plurality of frequency bands. 

18. The non-transitory computer readable tangible storage 
medium of claim 17, Wherein at least tWo of the plurality of 
subcarrier groups have been transmitted through tWo non 
adjacent frequency bands of the available frequency bands. 

19. An apparatus for receiving a digital signal, the appara 
tus comprising: 

a radio frequency (RF) receiver Which receives a plurality 
of subcarrier groups modulated using RF signals Which 
have different frequencies from each other; 

a demodulator Which demodulates each of the subcarrier 
groups so that all subcarriers of each of the subcarrier 
groups are arranged adjacent to one another at baseband, 
Wherein each of the subcarrier groups has been trans 
mitted through each of a plurality of frequency bands, 
respectively, and at least tWo frequency bands have dif 
ferent bandWidths; 

a plurality of fast Fourier transformation (FFT) units Which 
performs FFT on each of the demodulated subcarrier 
groups independently; and 

a combiner Which combines the subcarrier groups on 
Which the FFT is performed, 

Wherein the demodulator comprises: 
a plurality of mixers Which frequency doWn-converts 

each of the subcarrier groups independently using the 
RF signals Which have different frequencies from one 
another; and 

a plurality of loW-pass ?lters Which loW-pass-?lters each 
of the frequency doWn-converted subcarrier groups 
according to a bandWidth of each of the subcarrier 
groups, and 

Wherein the apparatus for transmitting the digital signal 
further comprises: 
a phase-locked loop (PLL) circuit Which generates an 
RF signal; and 

at least one of a frequency divider and a frequency mul 
tiplier Which generates the RF signals Which have 
different frequencies from each other using the RF 
signal output from the PLL circuit, 

Wherein the mixers modulates the subcarrier groups 
using the RF signals Which have different frequencies 
from one another. 

20. The apparatus of claim 19, Wherein a number of sub 
carriers to be assigned to each of the subcarrier groups is 
determined based on a bandWidth of each of the plurality of 
frequency bands. 

21. The apparatus of claim 20, Wherein at least tWo of the 
plurality of subcarrier groups have been transmitted through 
tWo non-adj acent frequency bands of the available frequency 
bands. 


